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Foreword 


Aerosols have environmental effects ranging from degradation of local to regional visibility, 
contamination of lakes and ecosystems, damage in agricultural production, increased human mortality, 
and global climate change. Unfortunately, one of the least understood of the possible environmental 
effects from aircraft emissions is that of particles, both those emitted directly, which are mostly composed 
of soot, heavy hydrocarbons, and trace metals, and those resulting from emitted particle precursors such 
as water vapor, sulfur oxides, nitrogen oxides, and hydrocarbons. 

The Aviation Particle Emissions Workshop was held November 18 to 19, 2003, at Cleveland, Ohio. It 
was sponsored by the Ultra-Efficient Engine Technology (UEET) Project under the Vehicle Systems 
Program (VSP) of the National Aeronautic and Space Administration (NASA). The workshop was 
organized with the objective of building a comprehensive research roadmap to strengthen partnership 
between U.S. stakeholders and research entities in understanding aviation particulate emissions. 

Participants came from a broad spectrum of government agencies, aviation industries, and scientific 
and technical research communities. The workshop started with presentations of perspectives from the 
Federal Aviation Administration, the Environmental Protection Agency, NASA, and airports. It was 
followed by five interactive technical sessions: sampling methodology, measurement methodology, 
particle modeling, database, inventory and test venue, and air quality. Summaries of five sessions were 
presented by the session chairs to conclude the workshop. 

This workshop achieved its objective of providing a sound foundation of the particulate research 
roadmap and a forum for discussions among all stakeholders and researchers. 


Chowen Chou Wey 
NASA Glenn Research Center 
Cleveland, Ohio 
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Particles: What Are They? 
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M. Lipsett, California Office of Environmental Health Hazard Assessment 
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School and work absences 



t: £ 

S" 

l! 

</> 

(C ® 


T 5 
0 ) 

X to 

c £ 

— (0 
>1 0 ) 

S "° ■= 


(0 0 

<0 o 

O c 

a « 
CO o 
0 ) 


3 = 

co ^ 

fl) 

E 5 

I® 

2 ; 

2 O 

* *8 
«S 
c n 
® £ 

£ c 
a ,_ 
o M 


« 

r 

o 

E 


o c 

E 5 
£ > 


« 


c 

® 


© wo 

S?s 

o 3 o 


I I 


NASA/CP— 2004-213398 


6 


Some Groups Are More at Risk 
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Environmental Effects 
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1997 PM 2 5 (Fine) plus PM-10 

- Equal to or less than 2.5 |j, plus 

- Equal to or less than 10 |j 


Court Challenge to 1997 Standards 
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Review of standards 

- Proposal 3/05 

- Final 12/05 



PM NAAQS Review Milestones 



NASA/CP— 2004-213398 


12 


PM Staff Paper 
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These are staff judgments and recommendations 
and not EPA positions 


Staff Recommendations 
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PM 2 .5 Implementation Program 

Timelines 
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PM 2 .5 Implementation Rule Topics 
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Policies for SIP credit 
PM 2 5 test methods 
Emission inventories 
Tribal issues 


PM Implementation Issues 
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Ammonia new pollutant 


PM Implementation Issues (cont.) 
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wood stove retrotit programs 
Smoke management plans 


PM Implementation Issues (cont.) 
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Counties With Violating Monitors for 8-hour Ozone and 
PM 2 5 Standards (based on 2000-2002 data) 
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EPA Preferred Timelines for PM 2 5 Designations 
and PM 2 5 /RH Implementation Plans 
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Non-volatile an< 
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Non-volatile and Volatile PM (cont.) 
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Volatile & non-volatile PM must be 
considered. 
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18-19 November 2003, Cleveland, Ohio 


Outline 
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U.S. Federal Aviation Administration 
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AEE Regulatory Responsibilities 
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* Responsibility to comply with PM Standards without the 
means to do so (i.e., aircraft PM emission indices) 



Related ResponsibiJities 
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INTERNATIONAL CIVIL AVIATION ORGANIZATION 









Aviation Environmental 
Research Interests 
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Air Quality 

Reduce impact of aviation on local air quality 




NASA/CP— 2004-213398 33 



Outline 
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New EPA Standards 



NASA/CP— 2004-213398 


35 








Emiss ons Issues 
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Number of airports 







Em ssions Issues 
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Number of Airports 





Emissions Issues - PM 
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Impact of Contrails/Cirrus Clouds 

Highly Uncertain 
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FAA Particulate Matter Study 
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‘••The firsForder approximation will form basis of fntflre F 
guidance and EDMS enhancements in coordination with 
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measurements to provide a broader 
database of aircraft emissions 
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PARTNER - Partnership for AiR Transportation Noise and Emissions Reduction 



E PARTNER First Projects 
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Universities shown in italics are not specifically funded due to budget limitations 
but have capabilities to perform valuable research in subject area 




Outline 
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Future Needs 
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Internationally accepted methodology 



GAO Recommendation 
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Suggested Next Steps 
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January to discuss draft roadmap (week of January 
12th) 



National Roadmap 
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steer efforts 




uestions? 
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Sampling Methodology - Current 


(0 

0) 

3 

(0 

(f> 

08 



0 ) _ 

c I- 

<0 ~ 
■n = Q) 

(0 ^ « 
> O)C0 

5| 8 
1 8 S 

t i-ii- 
0) ® .± 
n o < 

5 S -" 0 

CC W n 





Q. 

O 


(0 

o 

> CO 

> o 

(/) O 

C W 

O —T 
-- O) 

</> 1- 

.<2 oo 

£ - 

LU 

Q) 

O 


(0 

0. 


0) 

.Q 

£ 

a> 

> 

o 


(0 
■ ■■■ 

> 

< 


~0 

! 

<0 


E 

E 


o 

o 


m 

a> 

cb 





NASA/CP— 2004-213398 


51 


Arnold Engineering Development Center 
Arnold Air Force Base, TN 37389 



Methodology - Current Understanding & Issues 
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Methodology - Current Understanding & Issues 
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Other Trace Gaseous Species 
Temperature, Pressure, Velocity, . 
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ling Methodology - Current Understanding & Issues 
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analyzers. 




Methodology - Current Understanding & Issues 
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ling Methodology - Current Understanding & Issues 
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Larger particles can be lost in bends of sampling lines. 

This effect is “assumed” negligible for turbine engine exhaust 




Methodology - Current Understanding & Issues 
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Methodology - Current Understanding & Issues 
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r Methodology - Current Understanding & Issi 
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Cooled Rake Arm with 12-Particulate 
Probes 



NASA/CP— 2004-213398 


62 






Components For 
Independent Diluent Supply 
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Independent Diluent 
Supply Tee Assembly 
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Methodology - Current Understanding & Issues 
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NASA-DERA 
Reactive Species Probe 




Particulate Extraction Probe 
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Optional Particulate / 

Reactive Probe Ports Probe & Support 

KneSl Cooling Water 



NASA/CP— 2004-213398 


67 


NASAGRC-CESInlinePmlielnsiallation 







Miniature Rake 
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Methodology - Current Understanding & Issues 
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exhaust into an environmentally controlled reaction/mixing chamber 
for standardized process formation and subsequent characterization 
of volatile and non-volatile aerosols. 
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ling Methodology - Current Understanding & Issues 
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Sampling Methodology - Current Understanding & Issues 

Discussion Items (cont.) 
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Wall impaction 

Particle diffusion wall losses 

Dilution 
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FI 00 Particulate Emissions 
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Fuel Type 


Processes Influencing Particle Size and Concentration 
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Effects of Non-isokinetic Sampling 
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Diameter (nm) 


Thermophoretic and Gravitational Losses 
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100 1000 10000 100000 
Diameter (nm) 


J85-GE Aerosol Emissions at 1 m 
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Engine Power (%) 


Particle Losses in 0.25" Elbow 
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Diameter (nm) 


Coagulation for EI=5e 15/kg 
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Diameter (nm) 


Coagulation for EI=5el5/kg w/10 Fold Dilution 



(da)6o-|p/NP 


NASA/CP— 2004-213398 


83 


Diameter (nm) 


Impact of Dilution on El 



w 


o 

o 


o 

On 


O 

00 


O 


o 

V£> 


o 



NASA/CP— 2004-213398 


84 


Engine Power 


Coagulative Growth for EI=5el5/kg 
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Time (seconds) 


Coagulative Losses for EI=5el5/kg 
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Time (seconds) 


Turbulent Diffusion Losses 
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Diameter (nm) 


Coagulation+Diffusion Losses for EI=5el5/kg 
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Diameter (nm) 


Relative Humidity of Sample 

100 % Power Setting 
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Sample Temperature (K) 


Condensation of Volatile Species 
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Engine Power (%) 


Pressure Drop Across 20 m Tube 
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Mass Flow (LPM) 
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SAE E-31 Position Paper 

On Particle Matter Measurements April 2002 
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technical assistance in developing appropriate particulate 
characterization techniques for routine certification of aircraft 
turbine engines.” 


Development of Recommended Practices for Particulates - 

This position paper outlines the motivation and foundation for the SAE E-31 
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Aircraft gas turbine engines emit small 
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Present Controls - Emissions from aircraft gas turbines are presently 
regulated for emissions of: 
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metric, aviation engines have become virtually smoke- 
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required. 


How should aviation particles be characterized? 
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BUT 


Current regulatory interest in stationary source particle emissions is 
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Accurate particle measurement is susceptible to a number of 


O 

-t— > 

- c 
0 

E 

0 

Q_ 

X 

0 


3 

o 


-o 

0 

l— 

05 

(f) 

CD 

. O 

| s 

0 £ 
0 2 

-o 

c o 

CO W 
„ -Q 
C CO 

.O d) 
— 

co -9 

^ to 


05 

O 


05 


CO c 

0 -g 5 0 

CD ~ 

-? TJ 5 

■I— » 

c 

0 

E 

£= co 
co "0 

■- co 
-o 


CD 

L— 

0 

s_ 

co 


co co 

o (D 

CO O 

s i 

a® 
0 0 
DC DC 


0 


o 

£ 

0 

0 
L— 
■I— » 
0 
c 

£ 

o 

■Q 

■Q 

0 
-t— * 

0 

0 

O 

0 

_Q 

C 

0 

O 

0 

0 

O 

t 

0 

CL 

0 

E 

0 

0 

O 

c 

■0 

■1—^ 

c 

0 
-i— * 
L_ 

o 

Q. 

E 


CD 
> 

CO 
CT> 

_ c 

0 co ■= 


Q. 

o 

E 

&— 

0 


"O 

c 

0 

0 

0 C 

■I— » 

O ^ 
^0 O 

0 0 
i 

C 

o 

"-i— • 

0 
0 
C 
0 
"O 
c 
o 
o 

"O 
c 
0 

c 
o 

-i— • 

0 

3 
0 ) 

0 
O 
O 

>* 

_Q 

"D 
0 
0 ) 

C 
0 
_C 
O 


0 

0 

O 

^0 

0 

0 


O 


■0 
c 
0 
■ _c 

■§ ® 

I E 

co 

E CO 


0 

> (D 

§ 

0 c 

0 O 
0 

_ O 

as 

1 

o 0 

4— » -I— » 

■ o 
® 0 
0 

0 ) 0 


-Q 

CD ® 
O o 

3 S 
o b 
0 0- 


0 
c 
o 

CO 

£ 

0 

-I—* 

0 
0 
■0 

1 § 

q= C 

■0 
0 

t§ 

i © 

0 "o 

0 0 
x: 0 

3 

c 0 

o 
0 

O £ 
0 co 
-Q o 
c ® 

0 V *T7 

o CD 

° $ "CO 
_0 o 

« 5 
tr o 
0 0 
CL 0 


CO 

0 


cr 

0 


0 


0 


0 c 

E O 

0 ■+- 

s- 0 

3 r 11 

S | 

0 E 
E 5 

0 CO 

o c 

> — ■ — 

tr +- 

CC C 

Q_ 0 

O 0 

.1 § 

£ 0 

£ E 

9 r~o 

0 .9> 

is 

5 8. 

ts Ss-2 
.t± = o 

§ o S 

3 ffi 2 

O O CL 


NASA/CP— 2004-213398 


101 


CO 

0 

o 

u_ 

0 

o 

0 

CO 

c 

o 

'co 

CO 

E 


0 



0 

c 

CO 

o 

c 

'0 

o 

0 

"-I— * 

CO 

E 

Cf) 

0 

L— 

0 

O 

c 

CD 

(D 

3 

C7) 

c 

0 

D" 

-1— » 

'c 

'co 

sz 

o 

o 

u_ 

C D 

'co 


co 

c 

c 

0 

"i_ 

E 

0 

CD 

0 

l— 

0 

3 

0 

0) 

CO 

E 

0 

i- 

E 

£ 

0 

"D 

o 

0 

0 

'-i—* 

s_ 

0 

0 

c 

Cl 

0 

D) 

0 

_C 

X) 

'-i— > 

(O 

0 

> 

'x 

0 

LU 



IT) 

CD 

CM 

i 

CM 

CD 

CL 

LL 

O 

o 


< 

CL 

LU 

CO 




co 

r\ 

< 

CL 

LU 

CO 



co 

0 

-t— ■ 

0 

C 

’O) 
c 
0 
-t— ■ 

0 

o 

'co 

c 

0 


.X 

o 

0 

-t— > 

CO 

-t— ' 

(O 

0 

0 

X 

0 

0 


E 

o 


CO 

c 

o 

CO 

(O 


E 


0 

0 


O 

TD ■ 
0 >* 



O 


0 


C 



o 

O 

O 


'co 

CO 

O 

-i— > 


'E 

c 


0 

'0 


0 

-i— > 


O 

0 

D) 

C 


'■c 

0 

CL 

'CL 


0 

E 


-t— • 

■ 


H— 

_£Z 


O 

-i— > 
0 


-1— » 
c 

.Q 


0 

0 


E 

O 


0 

V 

"D 


0 

C 


0 

0 


0 



0 

L. 

0 


E 

i * 


CO 

H — 


CO 

0~ 

_C 


0 

E 

"D 


"co 

-i— • 

0 


o 

0 

0 


0 

( 

0 

0 

CO 

CO 

0 

o 

> 

0 

"D 

> 

0 

i_ 

o 

CO 

0 

i_ 

3 

Q. 

Q. 


NASA/CP— 2004-213398 


102 



Method 5 provides a methodology already in practice for stationary sources 
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Dedicated engine testing using Method 5 would exceed manufacturers typica 
engine testing times and would be very expensive. 
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What methodologies are currently available or in 
development: 
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Mass measurement 
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Time, s of day 


Laser Induced Incandescence 
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Time (seconds) 


Particle number density and size measurement 

distinguishes the size and number of individual particles. 
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- 0.06 pm with an average lognormal geometric standard deviation of 1 .6. A second 
but weaker mode was found at a modal diameter of 0.15 - 0.2 pm. 


widely used and accepted by academia, industry and government 
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German Aerospace Center (DLR, Germany) 
Paul Scherrer Institute (PSI, Switzerland). 
Rolls Royce (Derby, UK) 



A typical size and number sampling system schematic 
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AERODYNE RESEARCH, INC. 


Atmospheric Aerosol Sources and Effects 
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Visibility 

Reduction 


Aerosol Size and Composition 
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Goal: Size Resolved Chemical Composition of Ambient Aerosol 






Air Quality Suspended Particulate Regulation 



New (cleaner) technology push combustion emissions to 
smaller (nano-???) particles (e.g. diesel) 


Air Quality Emissions Inventories 
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Measurement examples 

- Portable Lab ground-based measurements 

- EXCAVATE (Langley), JFK, Logan runway experiments "+Dryden, LAX? 


Mass Distribution: Urban Site New York City (SUNY Albany) 
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Primary vs Processed Organic Aerosol 



Aircraft Particle Size Distribution 
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F. Schroeder et a!., JGR 105, 19,941-19,954, 2000. 


Measurement Challenges 
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Connect engine exit to local/regional air quality 


Aerosol Chemistry of Commercial Aircraft Emissions NASA EXCAVATE 

Experiment 
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EXCAVATE Evolution of exhaust plume behind plane 
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1 0 and 35 ( with plane forward ) 


“ In-plume ” sampling 
indicated by above-ambient CO2 levels 
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Organic January 26, 2002 


Sulphates pg' 3 Eng. Power (EPR) 

j CM CO CD 

CO CD ^ O O O 
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2:45 PM 3:00 PM 3:15 PM 3:30 PM 3:45 PM 4:00 PM 

01/26/02 


Evolution of Particles: 1 to 25 meters 
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EXCAVATE Emission Indices (g/kg Fuel) 
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meters 


Aerosol Chemistry: Steady State Operation of B757 
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EC/OC higher than diesel at aircraft steady state 


Aerosol Number (UMN) and Mass (ARI) 

at 35 meter behind 757 at 1.4 EPR 
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UMN Nano-DMA ARI AMS 


MASS Distributions - B757 at 1.3-1.5EPR 
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100 1000 
Particle diameter (nm) 


MASS Distributions - B757 at 1.3-1.5EPR 
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100 1000 
Particle diameter (nm) 


EXCAVATE - Transients 
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start-up and shut down. 

•Mass loadings during steady conditions ranged from 1-30 jig nr 3 . 




Organics size distribution during transient periods 
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xlOO increase in organic (oil/fuel) loading for minutes 


ARI Mobile Lab at JFK Scott Herndon , John Jayne et al 



Simultaneous Gas and Particle Monitoring Scot Herndon (ARI) 
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Air Quality Emissions Inventories 
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Measurement examples 

- Mobile Lab, ground-based measurements 

- EXCAVATE, JFK runway experiments 
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Intensive (few engines/planes) "+ Commercial aircraft fleet 


Summary 
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Analogy to evolution of both measurement and technology of diesel engines 


Summary 
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100 1000 
Vacuum Aerodynamic Diameter (nm) 
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complete” chemical analysis (PM2.5, air toxics, limited sizing) 
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MIT-CAM-ARI 

Field Measurement Campaign 
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Aircraft Plume Analysis (take-off turbine engine) 
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Preliminary Results: NO x Emission Ratios by Aircraft State 
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Emissions one aircraft at a time , taxi and take-off 





Aviation Particle Emissions Workshop 

Cleveland, Ohio 
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Billerica, MA 01821-3976 USA 


Regimes 


-2 

c/) 

r\ 

"D 

0 

t & 

T N 

N 

o £ 

£30 

0 n g 

xj F b 
£ o = 
< O H 

♦ ♦ ♦ 


12 

o 


o 

p 

CT3 


CD 


CD 

E 

E 

♦ 


cc C 
0 

5 

co e 

LL < 

♦ ♦ 


w 

0 



O 

£ 

♦ 


NASA/CP— 2004-213398 


150 


Aerodyne Research , Inc. 


Processes 
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Aerodyne Research , Inc. 


Particle Evolution Stew 
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- Mixing and Dilution 

Aerodyne Resea / 


♦ Carbonaceous non-volatile 
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Non-volatile and volatile components 

♦ Ions are present and affect particle processes 


What we do know (cont’d) 
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Aerodyne Research , Inc. 


Measured Particle Size Distribution 
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1 10 100 
Particle Diameter [nm] 

Fig 10. F. Schroeder et al., JGR 105, 19,941-19,954, 2000. 

Aerodyne Research , Inc. 


What we don’t know 
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■ Which organics are important (fuel versus oil?) 


What we don’t know (cont’d) 
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Aerodyne Research , Inc. 


What we don’t know (cont’d) 
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Aerodyne Research , Inc. 
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Research Center 


Particulate Issues 

PM 2.5 is Primary Threat 
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Other PM matter 

Carbonaceous soot is only part of problem 
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Soot Formation/Oxidation in Aeroengines 

Avoid E.R.> 1.6 for formation and T< 1600-1 700K for quench 
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Equivalence Ratio 



0 

o 

■ 

-t— • 
0 

■ 

0 

CO 

0 

N 

CO 

0 

o 

■ 

0 

CL 


0 

0 

"O 

0 

O 

■ 

-t— ' 

0 

Q- 

0 

O 

E 

0 

_Q 

■ 

o 

0 

0 

"O 

0 


o 

0 

L_ 

0 

■D 

O 

O 

H— » 

A 

_>* 

0 

0 

C 

0 

0 ) 

0 

0 ) 


0 


0 

■ 

"O 

"0 
E 
o > 

0 ) 

o 



<o 

.5 > 

c A 0 

2 43 

0 (U 

E *-< 

.y 43 

+-> <D 

O 0 ' ' 


o I 

o c 


^ s S 

S G & 
S5 <D CD 

1 2 (I 

<D O X> 

■g ° +- 
h 2 ^ o 
Z + a 


0 

'i_ 

0 
H— » 

0 


D 

3) 

C 

CO 

1— 

0 

N 

'(/) 

s_ 

0 

> 

O 


0 

CD 

C 

0 

i_ 

0 

N 

'(/) 

0 

"O 


0 




0 

0 





H— > 

CO 

rn 

0 

N 


0 

o 

■ 

H— i 




CO 

0 

j_ 

-t— > 

0 

> 

vv 

E 

'(/) 


0 

0 




E 

C 

0 

o 

o 

o 

rs 

0 

0 


o 

0 

c 

Q- 

O 

E 


c 

o 

H— » 

o 

3£ 

Cl 

o 

c 

o 

o 

0 

0 

O 

co" 

E 

c 

0 

0 

T3 

o 

_Q 

Q- 

c 

■ 

E 

0 

l_ 

TD 

O) 

C/D 

(J) 

0) 

1 

CL 

0 

D 
-1— » 

0 

"0 

1 

c 

L_ 

i 

-*—> 

C 

O 

T3 

Z 

"O 

O 

_l 

0 

'~o 

C 

O 

O 

■ 

0 

c 

0 

o 

w 

z 

1 

1 

E 

>* 

o 

0) 

0 

C 

0 

■ 

ID 

0 

0 

0 

c 

o 

■D 



D 

o 

CL 

E 

o 

0 



O 

• 



> 


CO 


I I I 


I I 


NASA/CP— 2004-213398 


163 


Convert to mass with assumed density 


Normalized Distributions at 200 psia and 500F 
Following Harris and Maricq (2003) 
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= ln(d p )-<ln(dp)> 


Sizing by Electron Microscopy (TEM) - Old engine technology 

Significant agglomeration observed - engine or sampling artifact? 
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Aircraft Carbonaceous PM Measurement Challen 
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• Far engine: plus secondary particles (volatives) to study atmospheric 
impacts 

Probe design 



Aircraft PM Measurement Challenges 

• Particulate Matter Sampling 
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emissions 

- Aromatic and sulfur content 



Schematic of Particulate Sampling System 

Dilution is used to minimize particle coagulation and condensation 
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(THC, N0 X , CO, C0 2 & 0 2 ) 


Correlation of Smoke Number 

Independent of soot particle size - but ~ factor of two uncertainty 
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Smoke No. 


Photographs of filters from Anderson Impactor 
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SEM Photomicrographs of Particles using Andersen Impactor 

Particles are ~ 70- 1 00 nm for all stages (exceptions) 
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psia, 




SEM Photomicrographs of Particles using Andersen Impactor 

Particles are ~ 70-100 nm, even for Stage 4 (2.8jum at 30kx magnification) 
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Modified F1 19 - Mean Particle Diameter Reduced with +100 
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UTRC SEI 3.0kV X30,000 lOOnm WD 3.0mm 
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4 to 5 consecutive scans in each data set show repeatability 

Fuel and Additive effects apparent; changes did not affect mean size 
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Outline 
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Gas Phase Emissions Data 
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Gas Phase Emission Inventories 
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2020 Airplane Market Projections 



2020 Scheduled Fleet 3-Dimensional 
Emission Scenario 







NOx Emissions at Cruise Altitudes Projected to 2020 
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What is Needed for Particulates? 
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Regional? 

Global (cruise conditions)? 
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Smoke number measurements reported in ICAO databank for 
certificated engines 

• For many engines, only peak smoke number is reported 


Can smoke number characteristics of different engines 

have similar functional forms? 
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Analysis by Doug DuBois 
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Considering only single annular combustors 


Does the Smoke Number data collapse for the different 

variants of the CFM56? 
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Considering only single annular combustors 


Approaches to Soot Inventories 
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Approaches to Soot Inventories (cont.) 
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Sulfate Aerosol Inventories (cont 
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Organic Aerosols 
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PM include both volatile and non-volatile components. 
Soot is the most prevalent, non-volatile component. 
Metals are emitted, but in extremely small amounts. 
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matter from the jet turbine engine exhaust, but is cost 
prohibitive and raises some technical questions on applicability 
to aircraft. 
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- 2 to 4 aircraft in a controlled environment. 

- Many in-situ aircraft (old and new technology, 
differing environmental conditions, etc.). 
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l ime-emcient method or measurement. 
Large sample capability. 

New methodology requiring development. 
Requires sensitivity/calibration. 
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November, 2003 
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Figure 5 Overview of air pollution sources affecting an airport operations system 




Conflicting Messages in the Media 
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impact on air quality of adjacent communities, but 
those levels are not higher than those found in typical 
urban environments throughout the U.S. 
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Relative Cancer Risks 
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Source: City of Park Ridge, iiiinois 
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150 |jg/m 3 24-hour 3-year average of 99th 

percentile at each monitor 




Sources of Ambient PM2.5 
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Combustion 77? e majority of ambient PM2.5 is formed in the atmosphere 

from precursors which are not particles at the emission point 



PM 2.5 In Ambient Air - A Complex Mixture 
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June 2000 / tgp 
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Particle Aerodynamic Diameter (pm) 






PMo C and 8-hour Ozone Standards Attainment 
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*1997-1999 ozone 

1999/2000 PM2.5--preliminary depiction 
base on two years of data. Three years are 
required for attainment demonstrations. 


PM2.5 Ambient Composition 
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determine compliance with the PM-2.5 NAAQS. 




PM2.5 from Aircraft 
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bi-modal distribution. 




Aerosol Chemistry: Steady State Operation ofB757 
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EC/OC higher for than diesel at aircraft steady state 


PM from O’ Hare Airport? 
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June 1,1996 12:00:00 

Min= 0J007 at (33,57), Maa= 13.077 at (24,27) 



Table 2-3. Estimated commercial jet aircraft activity growth, 1990-2010. 
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April 1999 



EDMS Model 
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(FA A) and is approved by EPA 




EDMS Overview 



NASA/CP— 2004-213398 


225 


EPA AERMOD dispersion model 



Disadvantages of Gaussian Plume 
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Global Climate-Chemical Transport U.S. Regional Climate-Air Quality Refined Target Areas 

Resolution: 200-300 km Resolution: 30 km Resolution: 2 to 10 km 
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The nested global-regional modeling system: its components and their 
interactions. 



CZ) 

c 

O 

• i-H 

C/} 

cz^ 

• i-H 

a 

OJ 

o 

OJ 


o 

Ph 

Id 

fl 

2 


in 

(N 


s 

Oh 

^+H 




o 

C/D 

a 

G 

o 

o 

• 

H— > 

• 

• 1-H 

C/5 

C/5 

C/5 

O 

• i-H 

rt 

s' 

G 

<D 

o 


U 



rC 04 

O co 

£ o 


O 

co ^t 


U <N 

O d 

(N 


i> 

U oq 

W m 



NASA/CP— 2004-213398 


229 


T Odman et al. (2003) 







GIT: Preliminary Assessment of Hartsfield’s 
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T Odman et al. (2003) 
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T Odman et al. (2003) 
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T Odman et al. (2003) 
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Sources of PM2.5 
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Met observations from local 
sources, such as EPA monitoring 
stations 


Surrogate ratios generated for 
the domain using Arclnfo 
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Hourly gridded emission data 
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GRID LOCATIONS 




CMM5 
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NASA Objective 

Quantification and mitigation of sampling affects to provide quantitative 
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A water cooled rake structure can house up to 12 independent particulate 
probes for spatial sampling. 
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Dilution is required to help mitigate condensation, particulate losses, 
coagulation and volatile aerosol formation in the sample line. 
Dilution should be introduced at the probe tip. 
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Develop a computer simulation model to complement limited measurement 
studies and assess particulate affects to sampling system design criteria. 
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studies. 




Session 2: Measurement Methodology Report 
(APEW Meeting Cleveland 18-19 Nov 03) 
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Connect to SAE E31 Committee. 



Measurement Methodology Report (continued) 
(APEW Meeting Cleveland 1 8-1 9 Nov 03) 
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There are a small number of off runway studies, although not particle specific; 
these studies need to be reviewed for lessons learned. 



Session 3: 

Particle Modeling — Current Understanding and Issues 

R.C. Miake-Lye 
M. Colket 

Needed modeling elements for a research roadmap 
Over all goal of modeling efforts: 

Develop numerical modeling tools to establish an understanding 
of particulate formation and destruction and the relationship 
between combustor particle emissions, their engine exit 
properties, and particles deposited in the atmosphere 

1. Probe effects modeling 

♦ Begin development of modeling capability representing 
sampling exhaust with condensable gases: understanding of 
particle processes in probes 

♦ Applications to combustors, engine exit, and plume/wake 

2. Combustor Modeling 

• Quantitative predictions of non-volatile carbonaceous 
particulates (number, size, and mass, properties) (advanced 
engines) 

■ Effects of fuel aromatics (quantities and properties) 

■ Effects of fuel sulfur (quantities and properties) 

■ Hydrophilic/hydrophobic characteristics 

■ Changes due to engine operating conditions 

■ combustor pressure effects 

■ Oxidation 

■ Agglomeration levels 

■ Effects of humidity on particle formation 

■ Uncertainty/sensitivity analyses 

■ use on existing tools 

♦ Quantitative predictions of volatile hydrocarbon precursors 

■ For environmental impact (global and regional) 

■ For health effects/local air quality 
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■ Good validation data sets 

■ Internal combustor data 

■ Combustor exit data 

■ Characterization of existing fleets 

■ What data should be provided by experimentalists 

3. Post combustor Modeling 

♦ What is important? Continued connection to Stakeholders 

■ For environmental impact (global and regional) 

■ For health effects/local air quality 

■ What will be regulated? 

♦ Continued interaction with measurement programs to obtain 
comparisons between model parameters and specific 
observations 

■ Ion impacts not fully quantified 

■ Relative role of sulfates and condensable organics indeterminate 

■ Which organics are important (fuel versus oil?) 

♦ Quantitative understanding of condensation of volatiles onto 
non-volatile particles: model studies and comparison to 
measurements 

■ Sulfur or organics or both 

■ Partitioning of volatile species between volatile particles and 
condensed matter on non-volatile cores 

■ Relative mass of volatile component on non-volatile core 

♦ Obtained detailed understanding of processes that affect 
particle evolution in turbine/nozzle (NASA/QinetiQ versus 
Partemis) 

■ Sensitivities to operational parameters 

■ Use existing tools 
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Session 4: Database, Inventory, and Test Venue Summary Report 
(APEW Meeting Cleveland 18-19 November 2003 
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various engine/combustor technologies. 
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How do health effects affect what should be measured? 


Emissions Inventory 
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emissions in the boundary layer) 
Improved predictive capabilities 




Modeling the State of the Problem 



O- 

OJ 

o 

CZ} 

OJ 



T3 

OJ 

> 


O 

cz^ 

OJ 




OJ 









NASA/CP— 2004-213398 


287 


Models can only be as good as the inputs 




Session 5: Effects of Particles from Airports on Air Quality: Session Summary 

Don Wuebbles 
Wayne Miller 

It is important scientifically to understand the effects of airports on local air quality. One of the 
potentially major issues relate to the effects of emissions of particles and particle precursors. 

This summary is divided in three parts. Each part has an objective plus priorities for research. 

Measurements 

Existing measurements of particles near airports only focus on measuring total mass. These 
measurements are insufficient to adequately characterize particles from aircraft and from other 
airport related sources. 

The objective is to establish atmospheric measurement capabilities that can fully characterize 
airport-related particle. The more general objective extends this to capabilities to fully 
characterize particles affecting overall air quality. 

Research Priorities 

• Confirm total mass with new EPA Method 5/202 methods. 

• Measure particle size and number with several methods that are based on independent 
scientific principles. 

o Compute and compare mess to first bulleted priority to establish a new 
methodology. 

• Determine particle speciation - measure organic particles and toxics. 

• Interact with health experts to determine key measurement priorities for toxics on 
particles. 

• Develop improved plan (relative to existing measurement programs) for determining best 
locations to measure the airport contributions to local air quality. 

Emissions Inventory 

Existing emissions inventories in the vicinity of airports are based on inadequate measurements 
of the emissions. For aircraft, the emissions are estimated based on smoke number (or on old 
data for some aircraft), which is totally inadequate for the PM2.5 particles of particular concern. 
For airports, these emissions are summarized using the EDMS model, which also has well 
known limitations. The emissions for the region are typically then characterized onto a grid 
through use of the complex SMOKE model. 

The objective is to establish more accurate atmospheric emissions inventories for the 
emissions associated with aircraft and with airports. 
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Research Priorities 

• Make sure accurate measurements are made and used in inventories for all airport related 
sources. For aircraft this means emissions as a function of engine, fuel flow, operating 
conditions (including transients), fuel composition and other factors. 

• Develop improved representation of take-offs/landings to make sure all emissions in the 
boundary layer are accurately represented. Make sure these emissions can be adequately 
represented in the grid structures of 1 km or less that will be available in next generation 
numerical models used to study air quality. 

• Similar concerns about representing emissions from airport mobile and fixed emissions 
sources. 

• Develop improved predictive capabilities for future emissions. 

Air Quality Modeling 

The existing approach to understanding local and regional air quality is to use either dispersion 
models or grid models. Dispersion models have the advantage of requiring little computational 
power (therefore allowing many runs to be done on personal computers), but have major 
limitations in accuracy under a variety of atmospheric conditions. Grid models can much more 
fully represent the chemistry and physics affecting air quality but are also much more 
computationally intensive. 

The objective is to develop enhanced capabilities for understanding the effects of airports on 
local and regional air quality . 

Research Priorities 

• Improved emissions inventories are key to improving air quality studies. 

• Likewise the improved measurement capabilities are key to verifying modeling 
capabilities, to provide “ground truth” for air quality analyses and predictions. 

• The analyses of airport effects would be enhanced by improved modeling capabilities 
aimed particularly at better representation of: 

o particle physics and chemistry processes, 
o local and regional meteorology, 

o the effects of buildings on air quality transport and deposition 
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